The clinical features of radiculopathy caused by osteoporotic vertebral fractures (OVFs) in the lumbar spine were investigated in 66 patients treated for pain caused by OVFs from January 2006 to December 2009. Ten of the patients complained of persistent radiculopathy. The cause of radiculopathy was initially diagnosed as lumbar canal stenosis (LCS) in seven patients, lumbar foraminal stenosis (LFS) in two, and both in one. One patient with LFS had reduced pain with conservative treatment, and the other nine needed surgical treatments. LCS was treated with posterior decompression, and LFS complicated with LCS at the same spinal level was treated with posterior lumbar interbody fusion (PLIF). Vertebroplasty was performed for one patient with LFS to attain indirect nerve root decompression achieved as a result of vertebral reconstruction and stabilization. Four of the patients treated with posterior decompression for LCS suffered from residual radiculopathy postoperatively, which was caused by LFS at the same level or the level below the treated level. Two patients underwent second operative procedure (PLIF) for recurrent radiculopathy. The Japanese Orthopedic Association and Visual Analogue Scale scores of the pain improved after operations, but the scores of the patients treated without spinal fusion gradually worsened during the follow-up period, whereas the scores of the patients treated with PLIF remained stable at various levels. Seven of the ten patients developed LFS following OVF, suggesting that radiculopathy following OVF involves LFS with high frequency.
Introduction
The frequency of osteoporotic vertebral fractures (OVFs) will increase with the proportion of aged people in the population. The major symptom of OVF is back pain, but neurological compromises sometimes develop. The most frequently reported neurological involvements are myelopathy and cauda equina syndrome. These symptoms are attributed to neural compression due to retropulsation of the posterior vertebral wall and progression of segmental kyphosis. Kyphotic changes are prompted by wedge vertebral deformities which frequently develop at the thoraco-lumbar junction. 3, 5, 11) These neurological signs include such severe symptoms as paraparesis and bladder dysfunction, so challenging surgical treatments are often required in aged patients with fragile spines. 3, 5, 6, 12) OVFs in the lower lumbar spine occasionally induce radiculopathy. 2) In our experience, radiculopathy develops in patients with OVF much more frequently than in patients with myelopathy or cauda equina syndrome. This radicular pain often limits the activities of daily living (ADL). However, radiculopathy in such patients is not well understood.
The present study investigated the clinical features of radiculopathy caused by OVFs in the lumbar spine.
Materials and Methods
A total of 66 patients, 22 males and 44 females aged from 56 to 95 years (median 75.2 years), were admit- L1  22  18  2  2  0  L2  17  9  5  3  0  L 3  9  2  5  2  1  L4  12  2  7  3  4  L 5  6  0  3  3  5 T o t a l 6 6 3 1 2 2 1 3 1 0 T12  4  81  M  L5  flat  L4-5  L5-S1  48  PD  -＋  -5  79  F  L5  flat  L4-5  L4-5  42  PD  -＋  -6  76  F  L4  concave  L4-5  L4-5  26  PD  PLIF  -L3  7  81  F  L5  concave  L3-4  L4-5  27  PD  PLIF  --8  82  M  L5  flat  L4-5  L4-5  30  PLIF  --L1  9  7 9) Posterior lumbar interbody fusion (PLIF) was performed for LFS associated with LCS at the same spinal level. In addition to partial laminectomy for LCS, facetectomy was undertaken for decompression of the intervertebral foramen, followed by PLIF with posterior instrumentation for spinal stabilization. PLIF was performed with carbon cages ( Fig. 2A) or autologous iliac bone struts (Fig. 2C ). Before pedicle screw insertion, hydroxyapatite (HA) sticks (Medtronic Sofamor Danek, Memphis, Tennessee, USA) were implanted near the anterior and posterior walls of the vertebral body for stabilization of the screws (Fig. 2B) .
Vertebroplasty was performed as reported previously. 7) HA blocks (Medtronic Sofamor Danek) were impacted through the bilateral pedicles. Vertebroplasty was performed in Case 9 to achieve indirect nerve root decompression through reconstruction and stabilization of the fractured vertebral body. 2) Vertebroplasty was performed in Case 8 to stabilize pseudoarthrosis of the fractured vertebrae, which was expected to provide better spinal condition following PLIF procedures (Fig. 2C, D) .
Surgical outcomes were evaluated with Japanese Orthopaedic Association (JOA) scores and Visual Analogue Scale (VAS) scores of the pain taken at the preoperative stage, at 1-3 postoperative months, at 6-9 postoperative months, and at the final follow-up one or more years later. Cases 6 and 7 received secondary operative procedures (PLIF) for recurrent radiculopathy at the 8th and 9th postoperative months, respectively, and were evaluated again before and after the second operations. The mean follow-up period was 25.8 months (Table 2 ). Table 1 shows the spinal levels of OVFs, types of the vertebral deformities, and incidence of radiculopathy in the 66 patients with OVFs in the lumbar spine. Wedge vertebral deformities occurred frequently in the thoraco-lumbar junction, whereas concave and flat deformities were frequent in the lower lumbar spine. Severe kyphotic changes were not observed in the lower lumbar spine. None of the patients presented with myelopathy or cauda equina syndrome, but 10 patients suffered from radiculopathy following the OVFs. Radiculopathy developed in OVFs at levels L3 and below (Table 1) ; one at L3, four at L4, and five at L5. The incidence of radiculopathy was more frequent in patients with OVFs at lower lumbar levels.
Results
At the initial examination, the cause of the radiculopathy was diagnosed as LCS in seven patients (Cases 1-7), LFS in two (Cases 9 and 10), and both LCS and LFS in one (Case 8). LCS and LFS 
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Radiculopathy Due to OVFs in the Lumbar Spine developed at the spinal level adjacent to the OVFs. After conservative treatments for more than one month, one patient with LFS (Case 10) showed reduced pain which was controllable with analgesics. She underwent follow up at the outpatient clinic of another hospital. The other nine patients needed surgical treatments.
Posterior decompression was performed in seven patients diagnosed with LCS at initial examinations (Cases 1-7) . Six of the patients (Cases 1-3 and 5-7) were relieved from pain. However, one patient (Case 4) complained of residual radicular pain. He again received detailed spinal imaging, nerve root infiltration, and radiculography. The pain was caused by LFS one level below the original level, which was overlooked in the preoperative imaging. Three of the six patients (Cases 5-7) developed radiculopathy caused by LFS at the same level as the LCS in the late postoperative period. In these patients, LFS was detected in the preoperative sagittal MR images, but was considered to be asymptomatic according to preoperative examinations; distributions of the pain and neurological abnormalities were concordant to the descending nerve root at that lumbar level, and infiltration of this nerve root obtained temporary pain relief. No remarkable change was observed in the postoperative MR images. On the other hand, CT demonstrated subtle postoperative changes in the spine of these patients. Pre-existing spondylolisthesis adjacent to the OVFs had worsened a little after operations in two patients (Cases 5 and 6) (Fig. 3A,  B) . Deformity of the fractured vertebra progressed postoperatively in the other patient (Case 7) (Fig. 3C,  D) . These changes probably enhanced pre-existing LFS conditions, so becoming symptomatic. Two patients (Cases 4 and 5) refused additional surgical treatments and controlled the pain with oral analgesics. The other two (Cases 6 and 7) needed second operations (PLIF) at the 8th and 9th postoperative months, respectively. These patients were free from pain after second operations.
PLIF was performed as the initial operation for one patient (Case 8) who presented with bi-radicular involvement caused by LCS and LFS at the same spinal level. Dynamic radiography had demonstrated pseudoarthrosis in the broken vertebra, so vertebroplasty was performed before a PLIF procedure to stabilize the vertebral body (Fig. 2C, D) . He was relieved from radiculopathy postoperatively, and returned to almost previous ADL levels. Spinal stabilization was still preserved at the final followup examination.
Vertebroplasty was performed for one patient (Case 9) who was in poor general condition, to obtain indirect nerve root decompression achieved by M. Sasaki et al.
reconstruction and stabilization of the fractured vertebral body. She became almost free from the pain in the early postoperative period, but began to feel slight recurrent pain during follow up.
JOA scores improved in all patients after the operations (Table 3) . However, the scores of the patients treated with posterior decompression or vertebroplasty gradually decreased during the followup period. On the other hand, the scores of the patients treated with PLIF were maintained at a certain level at least until the last follow-up examination over one year later. The VAS score of the pain decreased in most patients after the operations, but increased in some patients. This deterioration was chiefly attributed to back pain. The time-course of the VAS scores shows that postoperative improvements in the score were preserved in patients treated with PLIF, whereas early improvements were gradually lost in patients who underwent posterior decompression or vertebroplasty. Continuous use of oral analgesics became unnecessary after operations for three of the patients treated with posterior decompression and all patients treated with PLIF (Table 2) .
No serious complications, including instrumentation failure, were observed in the present series. One patient (Case 7) suffered infection on the surface layer of the operative wound 5 months after the operation. New OVFs occurred in four patients more than 6 months after surgery. The spinal levels of these OVFs were T12 in one patient (Case 3), L1 in one (Case 8), and L3 in two (Cases 6 and 9).
Discussion
The present study indicates that radiculopathy is more inducible following OVF. The pathology of radiculopathy seems quite different to that of myelopathy and cauda equina syndrome. The latter is usually induced by neural compression due to progression of segmental kyphosis. This change is based on wedge vertebral deformity which frequently develops as a result of OVF at the thoraco-lumbar junction. On the other hand, radiculopathy tends to be induced in the lower lumbar spine (Table 2) . OVF in this area frequently results in concave or flat vertebral deformities. 5) As the present study shows, the incidence of radiculopathy was more frequent in OVFs at lower lumbar levels (Table 1) . LCS and LFS caused by spinal degeneration also frequently occurred in the lower lumbar spine. Radiculopathy following OVF potentially develops as a result of the progression of pre-existing LCS and/or LFS due to vertebral deformities and subsequent instability.
The present study shows that radiculopathy following OVF involves LFS with extremely high frequency, compared to radiculopathy caused by lumbar degeneration. Symptomatic LFS was present at the onset in four of the ten patients (Cases 4 and 8-10) ( Table 2 ). The three patients treated with posterior decompression for LCS (Cases 5-7) developed symptomatic LFS at the same spinal level as the LCS in the late postoperative period. Preoperative MR imaging detected the LFS, but this was considered to be asymptomatic according to preoperative physical examinations. Postoperative CT showed subtle progression of the pre-existing spondylolisthesis or vertebral deformity in these patients (Fig. 3) . These postoperative changes were thought to be the reason for the LFS becoming symptomatic. As OVFs disturb the stability of the anterior column, removal of the posterior spinal elements through decompression procedures has the potential to induce postoperative changes. In the present study, seven of the ten patients developed LFS following OVF. Recent advances in medical imaging technology provide improved detection of nerve root compression in the intervertebral foramens, 1,2,4,8) but diagnosis of LFS is still difficult with only routine spinal imaging. If a certain nerve root involvement is suggested by the location of leg pain and neurological findings, that nerve root should be observed with detailed spinal imaging focusing on both the spinal canal and the vertebral foramen. Subsequently, the disturbed nerve roots should be confirmed by selective nerve root infiltration. 10) Conservative treatment is usually ineffective for radiculopathy following OVF. In the present study, only one patient with LFS (Case 10) had pain controlled by selective nerve root infiltration and oral analgesics. The other 9 patients needed surgical interventions. The surgical methods were determined after consideration of the cause of the radiculopathy and general condition. JOA scores and VAS scores of the pain improved in the early postoperative periods (Table 3 ), but the scores of patients treated with posterior decompression (Cases 1-7) or vertebroplasty (Case 9) gradually worsened in the late postoperative periods, whereas the scores of the patients treated with PLIF (Case 8) were maintained during the postoperative follow-up period. Preservation of these scores was also observed in the two patients treated with PLIF as second operations (Cases 6 and 7). Our observations suggest that PLIF indicates better surgical outcome over a year compared to other surgical methods without spinal fixation. Late deterioration of the scores in the patients treated with posterior decompression was attributed to spinal instability caused by removal of posterior spinal elements. In Case 9 treated with vertebroplas-Radiculopathy Due to OVFs in the Lumbar Spine ty for LFS, late deterioration was caused by loss of the vertebral height gained by the operation. Recurrent radicular pain developed during the short-term follow-up period at mean 9.1 months after vertebroplasty for symptomatic LFS following OVF in two of seven previously reported patients. 2) The present results suggest that spinal fusion with instrumentation may provide better surgical outcomes, but application is often limited in patients with OVF because of their poor general condition and spinal fragility. In addition, new OVFs developed postoperatively in two of the three patients treated with PLIF, indicating that spinal fixation can potentially influence the incidence of new OVFs. Long-term observation is necessary for patients with OVF treated with spinal fusion. In the present study, some patients achieved reduced residual pain with oral analgesics after operation without spinal fixation. Therefore, surgical methods should be selected after consideration of the general condition following accurate diagnosis of the cause of radiculopathy. We believe that the present study provides advanced information for the diagnosis and treatment of radiculopathy following OVF.
